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The authors declare no competing financial interests. 35 7 were presented with a variety of coherence levels ranging from 9%-11%, 14%-16%, and 1 34%-36% to the left or right direction corresponding to difficult, moderate and easy levels, 2 as determined by an independent pilot study. Dots with these three percentages of 3 coherence moved to left in half of the trials and to the right in the other half. The dots were 4 displayed on the screen for 2 s and subjects were asked to judge the movement direction 5 before they disappeared by pressing either the 'left' or 'right' response buttons. For 6 incorrect responses, subjects could be punished by one electric shock with an initial 7 probability of 50%, as indicated by a 2-s 'flash' symbol feedback. In the shock probability 8 cue detection task (Figure 2A ), subjects could minimize the shock probability by giving 9 correct responses to 3 different colored dots corresponding to the 3 threat condition cues. 10 In the D+ condition (red dot), while correct responses did not change the shock probability 11 each incorrect response increased it by 10%. In the D-condition (yellow dot), while each 12 correct response decreased the shock probability by 10%, incorrect responses did not 13 change it. Shock probability changes were indicated by a 2-s feedback. The feedback was 14 a 'flash' symbol with specific shock probability changes (e.g., '+10%' or '-10%') appearing 15 above the symbol and the current shock probability below it. In the safe condition (green 16 dot), there was no shock and incorrect responses were given a 2-s 'cross' feedback. Only 17 responses with reaction times (RTs) shorter than 650 ms were categorized as correct. The 18 colored dot was presented for 0.5 s and subjects were instructed to respond as fast as 19 possible before it disappeared. These colored dots were carefully counterbalanced in 20 luminance and size. To further show that there was no perceptual bias for the different 21 8 colored dots, we also conducted a control experiment with an independent sample (N = 1 18) using a similar dot-motion paradigm, but without administering shock. This showed 2 that there was no significant effect across the different colored dots on either response 3 RTs (ps > 0.196) or RA (ps > 0.210). To maintain maximal continuous attention set for 4 searching of the shock probability cues, subjects were clearly informed that the colored 5 dot could appear at any time point during the 2-s display of white dots on the screen and 6 that only a fast enough correct response would be regarded as a 'real' correct response. 7 Following the outcome feedback, subjects were asked to rate their anxiety level while 8 performing the task. In each block, there were 2, 4, or 6 colored dot trials presented in a 9 pseudorandom order among the 22 trials. There were 9 blocks in total with 3 blocks in 10 each threat condition. 11
12

Image Acquisition and Data Analysis 13
Images were collected using a 3 T, GE Discovery MR750 scanner (General Electric 14 Medical System, Milwaukee, WI, USA). For the fMRI scan, a time series of volumes was 15 acquired using a T2*-weighted EPI pulse sequence (repetition time, 2000 ms; echo time, isotropic resolution) were acquired obliquely with a three-dimensional spoiled gradient 19 echo pulse sequence before the fMRI scan. 20 Brain images were processed using the SPM8 software package (Wellcome 21 9 Department of Cognitive Neurology, London, UK, http://www.fil.ion.ucl.ac. uk/spm/spm8) 1 (Friston et al, 1994) . The first five images were excluded to achieve magnet-steady images 2 and the remaining functional images were realigned to correct for head motion based on 3 a six-parameter rigid body algorithm. After co-registering the mean functional image and 4 the T1 image, the T1 image was segmented to determine the parameters for normalizing 5 the functional images to Montreal Neurological Institute (MNI) space. Next normalized 6 images were spatially smoothed with an 8 mm full-width at half maximum of Gaussian 7 kernel. 8 The first-level design matrix included 19 regressors (threat condition cue, confidence 9 rating, pre-anxiety rating, three threat conditions at each difficulty level, three colored 10 threat dots, outcome feedback of direction discrimination task, outcome feedback of 11 colored dots task, delivered shocks, post-anxiety rating) and the 6 head-motion 12 parameters convolved with the canonical hemodynamic response function. On the first 13 level, contrast images for each condition were created for each subject. On the second 14 level, a flexible factorial design was used for the dots moving direction discrimination task 15 to examine the main effect of threat condition and the interaction between threat condition 16 and difficulty. For the cue detection task, a one-way ANOVA within subject design was 17 used to test the main effect of threat condition. For the whole brain analysis, a significance 18 threshold of P < 0.05 false discovery rate (FDR) correction was used with a minimum 19 cluster size of 10 contiguous voxels. 20 To examine the safety-related effect in a more sensitive way, we further performed a these a priori ROIs, a threshold of p < 0.05 family-wise error (FWE) corrected at peak level 10 was set for multiple comparisons. 11
12
Results
13
Behavioral results 14 Confidence and anxiety ratings 15 For ratings, one more subject was excluded due to a data acquisition failure. A repeated-16 measures ANOVA on the confidence rating scores with threat condition (D+ vs. D-vs. safe) 17 as a within-subject factor revealed a significant main effect (F(2, 40) = 5.91, p = 0.017), 18 with a trend of decreased confidence in the D+ (p = 0.052; mean ± SD = 4.94 ± 1.72) and 19 D-(p = 0.074; 5.49 ± 1.45) conditions relative to the safe condition (6.00 ± 1.48). For the 20 pre-anxiety ratings, there was a significant main effect of threat condition (F(2, 40) = 20.08, 21 p < 0.001). Post-hoc tests showed subjects were most anxious in performing the D+ 1 condition, followed by D-and safe conditions ( Figure 1B) . A significant main effect was 2 also found for the post-anxiety ratings (F(2, 40) = 15.33, p < 0.001), with a similar pattern 3 to the pre-anxiety ratings ( Figure 1C ). 4 5 RDM task 6 We performed a repeated-measures ANOVA on RT and RA with threat condition (D+ vs. 7 D-vs. safe) and difficulty levels (difficult vs. middle vs. easy) as within-subject factors. For 8 RT, this analysis revealed a significant main effect of difficulty (F(2, 42) = 77.40, p < 0.001). Post-hoc analysis reveal that, as expected, subject responded fastest in the easy and 10 slowest in the difficult trials (ps < 0.009; Figure 1-2A ). For RA, there was a significant main 11 effect of difficulty (F(2, 42) = 108.08, p < 0.001), with subjects had a higer accuracy in easy 12 than in middle and difficult levels (ps < 0.001; Figure 1-2B ). There were no other significant 13 effects (ps > 0.067). 14 
15
Cue detection task 16
A repeated-measures ANOVA on RT with threat as within-subject factor revealed a 17 significant main effect of threat (F(2, 42) = 11.93, p < 0.001), with faster responses to the 18 D+ cue compared to the D-(p = 0.001) and safe cues (p = 0.003; Figure 2B ). For RA, the 19 main effect of threat was also significant (F(2, 42) = 10.78, p < 0.001). Post-hoc test 20 showed that the RA was higher in the D+ cue relative to the D-(p < 0.001) and safe cues12 (p = 0.007; Figure 2C ). 
RDM task 4
In the whole brain analysis, we observed increased activity in left rACC, left dmPFC, right 5 vmPFC, right hippocampus, and bilateral insula in the safe relative to the 'dangerous +' 6 conditions (safe > D+; PFDR < 0.05) ( Table 1) . Comparisons between difficulty levels 7 showed stronger activation in bilateral inferior frontal gyrus, insula, dmPFC/dACC and 8 lingual gyrus and other regions for more difficult than easier tasks (see Table 1 
-1). 9
However, there were no other siginificant effects in the whole brain analysis (PFDR < 0.05). 10 The hypothesis-driven ROI analysis further revealed stronger activition in the bilateral (D-> D+ cue), we observed a stronger activation in the right IPS (MNI = 44, -38, 48; t = 13 3.79; PFWE = 0.037; voxels = 10; Figure 4C ). To further examine this unpredictable finding, 14 we performed an exploratory psychophysiological interaction (PPI) analysis using the PPI The present study investigated how the human brain is organized to search for safe vs. 4 dangerous cues using a novel RDM paradigm combined with threat of electric shocks. 5 Results showed that subjects tended to be more confident and less anxious in searching 6 the safe relative to the dangerous cues where they could be shocked for incorrect 7 responses. While we found no evidence for significant effects associated with threat 8 conditions on the RDM task performance at the behavioral level, the left vmPFC was 9 recruited both when attention was set to search the safe and D-cues in comparison to the 10 D+ cues. For the cue detection task, while at behavioral level subjects were faster and 11 more accurate in detecting the D+ than the D-and safe cues, stronger activity was found 12 in the goal directed attentional networks, including IPL and IPS, for detecting the D+ cues. 13 Subjects tended to be less confident and more anxious in performing the more 14 threatening relative to the safe searching tasks, which validated the threat manipulation in 15 the present study and coincided with previous findings that the presence of safe cues 16 decreases anxiety to threat (Grillon et al., 1994; Hood et al., 2010). Since shock probability 17 cues were presented in a spatiotemporally random way in the current paradigm, it was 18 beneficial for subjects to respond conservatively to increase accuracy, and thus decrease 19 shocks, and this may have contributed to the absence of behavioral differences across 20 conditions. For the detection of shock probability cues per se in the cue detection task, we 21 15 found similar patterns for RT and RA with subjects responding faster and more accurately 1 to D+ than to D-and safe cues. These enhanced behavioral responses could be driven 2 by a higher motivational value of D+ cues, as demonstrated by similar preferential 3 processing of threatening stimuli or more valuable stimuli (such as stimuli associated with 4 higher reward) (Hansen and Hansen, 1988; Hickey et al., 2010). 5 At the neural level, increased activity was found in the rACC, dmPFC, vmPFC, and 6 hippocampus for the safe relative to the D+ threat conditions in the RDM task. These 7 regions constitute the 'cognitive fear' circuitry implicated in elaborate assessment of distal initiation of optimal actions to threat depending on their perceived imminence. These 8 findings suggest that the neural mechanisms underlying safety search may work in a 9 similar way to how distal threat is encoded and provide the first evidence that the 'cognitive 10 fear' circuitry, particularly the medial prefrontal areas, may be specific substrates 11 underpinning attentional set of searching stimuli that are of survival value in the 12 environment, including stimuli signaling safety. 13 Note that dysfunction of safety processing is also associated with psychiatric are necessary to further investigate this question. Furthermore, the rACC was also 15 recruited during processing of the safe compared to the D+ cues. Consistent with its role 16 in attentional set of safety in the RDM task, the enhanced rACC activity may reflect an 17 elaborate evaluation of the utilization of safety, such as a refuge, which is normally 18 associated with protection and opportunity to escape. 19 Overall, the present study investigated how the human brain encodes safety 20 information by modulating subjects' attentional set using a novel dot-motion paradigm. 21 Similar to neural mechanisms involved in processing distal threat, the present study 1 demonstrated that attention set of safety mainly recruited medial prefrontal regions of the 2 'cognitive fear' circuitry. Thus, encoding of safety signals may share similar neural 3 substrates with processing of distal threat that allows for flexible threat assessment and 4 consequently increases chances of survival for organisms through exploiting their 5 environment. These findings provide new insights into the role of the medial prefrontal 6 regions in the defensive survival system in encoding stimuli with survival significance. 7
